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ABSTRACT 
Background: Poor self-regulation during preschool and early school age years is 
associated with rapid weight gain. However, the association between self-regulatory 
capacities in infancy and weight status in early childhood has not been well studied.  
Objective: Examine prospective associations between infant self-regulation and body 
mass index (BMI) in early childhood. We hypothesized that infants exhibiting less 
optimal self-regulation would be at greater risk of obesity at 3–5 years of life.  
Methods: We used data from 5750 children in the Early Childhood Longitudinal Study-
Birth Cohort (ECLS-B), excluding premature infants and infants small or large for 
gestational age. Our primary predictor was infant self-regulation measured at age 9 
months by parent completion of the Infant Toddler Symptom Checklist (ITSC). We 
defined child obesity at preschool and kindergarten age (approximately 4 years and 5–6 
years respectively) as a body mass index (BMI) ≥ 95th percentile for age and sex by US 
Centers for Disease Control growth charts. We created logistic regression models 
comparing risk of obesity at preschool and kindergarten age in infants with ITSC scores ≥ 
6 to infants with scores < 6, controlling for covariates. 
		 vii 
Results: Twenty-one percent of children with ITSC scores ≥ 6 at 9 months were obese at 
preschool age compared to 16% of children with lower ITSC scores. At kindergarten age 
this difference decreased to 18% vs. 16% respectively. After adjusting for covariates, 
infants with ITSC scores ≥ 6 had 32% increased odds of being obese at preschool age 
(aOR 1.32; 95% CI: 1.03, 1.70) though this association decreased at kindergarten age 
(aOR 1.07; 95% CI: 0.79, 1.45). 
Conclusions: Poor infant self-regulation at 9 months is associated with an increased risk 
of obesity at preschool entry but not at kindergarten entry. Helping parents manage and 
respond to children’s self-regulation difficulties prior to preschool age may serve as a 
focal point for future interventions. 
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INTRODUCTION 
 The prevalence of obesity among infants and preschool aged children has more 
than doubled since the 1970s.1–3 Weight status early in life has potential life course 
influences because rapid weight gain in infancy is associated with obesity later in life.2,4–
10 Risk factors for coronary artery disease (elevated blood pressure and lipids) and type 2 
diabetes mellitus are identified in severely obese children as young as 2 years.2,11 Such 
findings suggest that obesity prevention programs should begin in the first years of life.  
However, significant gaps in knowledge remain, limiting evidence-based intervention 
strategies for children younger than 2 years old.12  
 Identifying potentially modifiable risk factors associated with infant weight gain 
is one focus of current research in this area. A recent meta-analysis13 suggests that an 
infant temperament may be one potentially modifiable factor related to weight status. 
Temperament encompasses personal characteristics that make up an individual’s 
behavior style, specifically reactivity (ease of motor and affective arousal) and regulation 
(modulation of reactivity and arousal).13 The association between temperament, 
characterized by greater emotionality and behavioral reactivity and less optimal self-
regulation, and weight gain is most strongly supported by cross-sectional studies14–16 or 
studies with short follow-up time (two to 18 months after birth),17–20 while findings from 
larger cohort and longitudinal studies with longer follow-up periods have not been 
consistent.21–24 Two large prospective studies found no association between difficult 
infant temperament and weight status at 6 or 8 years21,24 however these studies do not 
report associations between temperament and weight status at earlier time points. 
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 Self-regulation is one component of infant temperament that it is characterized by 
functional abilities frequently described by parents in clinical settings (e.g. sleeping, 
crying, feeding). Self-regulation is often defined as conscious control of thoughts, 
feelings, and behaviors and is related to executive function (e.g. attentional flexibility, 
working memory, and inhibitory control) in older children.25 Self-regulation begins to 
develop at birth as exhibited by an infant’s ability to self-soothe or fall asleep without 
assistance. Similarly, self-regulation difficulties are observed in infancy as excessive 
fussing or demanding behaviors. Infant self-regulation however is largely an external 
process provided through parent child interactions (e.g. rocking, feeding, diapering in 
response to child cues). Although infants vary with respect to early self-regulation 
abilities, self-regulation is malleable during the first years of life.26  
Infant temperament and self- regulation remain promising targets for 
interventions to prevent obesity in the first years of a child’s life for two main reasons. 
First, parents and caregivers are largely responsible for supporting regulation for infants 
in the first two years after birth; and second, infant temperament and regulation develops 
over the first 2–3 years of life, after which it becomes much more stable.25  Promising 
interventions have shown in randomized controlled trials that changing parental response 
to infant behavior (e.g. soothing strategies, reading hunger and satiety cues) can result in 
lower weight-for-length percentiles at age one year.27,28   
 We therefore conducted a secondary analysis of the Early Childhood Longitudinal 
Study - Birth Cohort (ECLS-B) in order to examine prospective associations of self-
regulation in infancy with body mass index (BMI) in early childhood. We hypothesized 
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that children with less optimal self-regulation would have higher BMI and greater 
prevalence of obesity in early childhood. We also hypothesized that the association 
between infant self-regulation and BMI would differ by measures of parental sensitivity. 
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METHODS 
Study Design and Par ticipants 
 We conducted a secondary analysis using data from the ECLS-B, a multi-method 
prospective cohort study of approximately 10,700 U.S. children born in 2001 designed to 
assess early home and educational experiences from birth through kindergarten. The goal 
of the study was to provide policy makers, researchers, child care providers, and parents 
with detailed information about children’s early life experiences, focusing specifically on 
children’s health, development, care, and education. The sample for the ECLS-B was 
selected from a list of registered births in the National Center for Health Statistics 
(NCHS) vital statistics system (lists provided by state registrars) using a clustered, list 
frame, sampling design. Births were sampled from 96 core sampling units representing 
all infants born in the United States in the year 2001. The response rate among eligible 
dyads at the 9 month assessment was 74%. Data were collected from parents (99% 
mothers) and children via questionnaires or physical assessments by the NCHS Vital 
Statistics System at ages 9 months, 2 years (2003), preschool age (2005), and 
kindergarten age (2006–08) (mean age at assessment: 10.4, 24.5, 53.0, and 67.0 months 
respectively in our sample). Participants included English and Spanish speakers and the 
study oversampled for racial/ethnic minorities, twins, and premature infants. In this 
secondary analysis, premature infants (gestational age < 37 weeks; n = 2150) and infants 
classified as small for gestational age or large for gestational age (defined as < 10th or > 
90th percentile birthweight; n = 2,350) were excluded from the analysis given evidence 
suggesting different rates of growth and increased risk of obesity among these infants.29 
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Further details about ECLS-B methods are available elsewhere.30 This study was deemed 
exempt from review by the Boston University Medical Center Institutional Review 
Board. 
Infant Self-regulation 
  Parents completed the modified Infant Toddler Symptom Checklist (ITSC) at the 
9 month assessment. Parental report on the ITSC during infancy (7–30 months) correlates 
with the Child Behavior Checklist (CBCL), Parent Stress Index, and the Sensorimotor 
History Questionnaire for Preschoolers, as well as clinical psychiatric evaluation for 
regulatory disorders, at 36 months.31 The ECLS-B survey used a modified form including 
7 of the ITSC items (Table 1) from the original 19 items because these items showed the 
largest mean difference between infants with and without regulatory disorders in the 
validation.31 The Cronbach’s alpha for this set of items was 0.63.31 According to ITSC 
scoring guidelines, we coded responses of “not at all” and “used to be” as 0, “sometimes” 
as 1, and “most of the time” as 2. Responses were summed to obtain total ITSC scores 
(range 0–14); a higher score indicates greater self-regulatory difficulties. We compared 
infants with ITSC score of 6 or greater to those with scores of less than 6. This cutoff was 
based on the non-linear association between ITSC score as a continuous variable and the 
outcome variable, obesity, in this secondary analysis, as well as examination of scatter 
plots suggesting a threshold effect at a score of 6. This cutoff has not been used 
previously in the literature. We also conducted sensitivity analyses for ITSC cutoffs of 5 
and 7 and examined the association between individual ITSC questions and obesity. 
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Child Body Mass Index (BMI) 
 Child height and weight were measured at all ECLS-B assessments using 
standardized procedures including a measure mat (pediatric length-measuring device) and 
a digital bathroom scale. Each measurement was obtained at least twice and an average of 
the measurements was used as the child’s value for the given time point. Body mass 
index was calculated and the US CDC Growth Charts for children ≥ 24 months32 were 
used to generate age- and sex-specific z scores and to classify children as overweight 
(BMI ≥85th percentile ) and obese (BMI ≥ 95th percentile), or not. BMI z scores could 
not be consistently calculated for children at the 2 year assessment because of the high 
number of children with age <24 months. 
  Covar iates 
 Parental and family characteristics were assessed via interview and questionnaire 
at 9 months and 2 years. A priori variables of interest based on the published literature 
included child race/ethnicity (categorized Non-Hispanic White, Non-Hispanic Black, 
Hispanic, and other), birthweight (grams), maternal age (years; age <21 years versus 21 
or greater), maternal pre-pregnancy weight (pounds), maternal education (greater than or 
equal to a high school diploma versus not), and household income (categorized as ≤ 
$15,000, 15–30,000, 30–50,000, 50–100,000, and >100,000). We considered additional 
potential confounders if they had shown associations with child self-regulation and BMI 
in the secondary data sample. These variables included child gestational age at birth 
(weeks), parent marital status (categorized as married, never married, and other), 
maternal employment (employed versus unemployed), clinically significant depressive 
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symptoms (score of ≥16 on the Center for Epidemiologic Studies Depression (CES-D) 
scale versus not), adequacy of prenatal care (inadequate/intermediate versus adequate or 
more), smoking in pregnancy (self-reported smoking in last 3 months of pregnancy or 
smoking listed on birth certificate versus not), primary language (English versus non-
English) and maternal sensitivity (“Two Bag Task” a videotaped parent-child play 
interaction at 24 month assessment dichotomized above or below the median). 
Statistical Analysis 
Data were analyzed using SAS version 9.1 (SAS Institute, Cary, North Carolina). 
We used BMI z scores (continuous), overweight and obese status from the preschool and 
kindergarten age assessments as individual outcomes variables. We describe the 
distribution of covariates among obese and non-obese children (preschool age 
assessment) and among children with less optimal self-regulation versus not (ITSC score 
≥ 6 versus < 6). Multiple linear (BMI z-scores) and logistic regression 
(overweight/obese) models were used for calculation of adjusted difference in BMI z 
score and odds ratios, respectively, controlling for a priori variables of interest. Other 
covariates were examined for potential confounding if they were associated with both 
predictor and outcome variables using a change in estimate approach (≥10 %) however, 
none of the additional covariates met this criterion of confounding. Stratification analyses 
were performed to assess for potential parental modifiers of the association between self-
regulation and child overweight/obesity including maternal depression and maternal 
sensitivity. We performed an additional analysis using log-binomial regression to 
calculate unadjusted and adjusted risk ratios for comparison to the odds ratios.33 
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RESULTS 
 Participant demographic characteristics are shown in Table 2. Overall, the sample 
was racially/ethnically diverse, consistent with purposeful oversampling by the ECLS-B 
of minorities. Mean gestational age of infants was 39.2 weeks and mean birth weight was 
3331.9 grams. Average age of mothers was 28.5 years and approximately half had a high 
school degree or lower. Among preschool age children, 34% were overweight and 17% 
were obese and at kindergarten age, 35% were overweight and 17% were obese. Among 
children with less optimal self-regulation (ITSC ≥6), a larger percentage were male 
(56.8% male versus 50.6%) and minorities (41% white versus 48.3% white) (Table 3). A 
larger percentage of mothers of these infants were less than 21 years old (14.8% versus 
10.5%), endorsed depressive symptoms (59.1% versus 43.8%), and had inadequate 
prenatal care (28.6% versus 23.4%). Among obese children at preschool age, a larger 
percentage were male (58.2% versus 49.3%) and minorities (43.6% White versus 51.7%), 
and had higher mean birthweight (Table 4). Mothers of obese children had high pre-
pregnancy weight, fewer were married (63.1% versus 72.4%), and a larger percentage 
smoked in pregnancy (15.1% versus 10.7%). 
   In unadjusted models, children with less optimal self-regulation (ITSC score ≥6) 
in infancy were more likely to be overweight and obese in preschool compared to 
children with fewer self-regulation difficulties (37.4% vs. 34.1% overweight; 21.2% vs. 
16.5% obese). Upon entry to kindergarten the difference in proportion of overweight and 
obese children by self-regulation was smaller (37.9% vs. 34.8% overweight and 18.5% vs 
16.7% respectively). 
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 Table 5 shows the unadjusted and adjusted associations between ITSC self-
regulation scores (≥6 versus < 6) at 9 months and weight status at preschool age. After 
adjustment for a priori variables of interest, preschool age children with ITSC scores ≥6 
had a mean BMI z score level that was 0.13 points higher (95% CI: 0.01,0.25) compared 
to children ITSC scores <6 and were more likely to be obese (adjusted odds ratio (aOR) 
of 1.32; 95% CI: 1.03, 1.70). Kindergarten age children with less optimal self-regulation 
in infancy did not show an increased risk of obesity (aOR 1.07; 95% CI: 0.79, 1.45). A 
sensitivity analysis using ITSC cutoffs of 5 and 7 showed similar results (Table 6). The 
association between individual ITSC variables and obesity at preschool age was strongest 
for the question “Demand your attention and company constantly” (aOR 1.24; 95% CI: 
10.04, 1.46), comparing the response “never” or “used to” versus “most of the time.” The 
remaining ITSC items had weaker associations with obesity at preschool age.  
 The multiple regression models stratified by maternal depressive symptoms (score 
of ≥16 on the CES-D) and maternal sensitivity (Two Bag Task score dichotomized above 
or below the median) showed attenuated associations among mothers clinically 
significant depressive symptoms and among mothers with lower maternal sensitivity. 
This finding was consistent with respect to the differences in BMI z score and the aORs 
for overweight and obesity for both preschool or kindergarten age children (Table 7). 
 Prevalence rates for obesity in this sample were near 20% at both preschool and 
kindergarten age (17%) therefore we calculated adjusted risk ratios (aRR) for comparison 
to the aOR presented above (Table 8). The point estimated for the aRR calculations is 
smaller in comparison to aOR, as would be expected, for the association between infant 
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self-regulation and obesity at preschool (aRR 1.21; 95% CI 1.00, 1.45). The aRR for 
obesity at kindergarten age could not be obtained because the model did not converge.  
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DISCUSSION 
  This study shows prospective associations between less optimal self-regulation in 
infancy and obesity at preschool age, after controlling for important confounders. We 
found no associations between self-regulation problems in infancy and overweight status 
at preschool age, or any outcome variables at kindergarten age. The association between 
self-regulation and BMI z score, overweight or obese status were consistently stronger 
among mothers with fewer depressive symptoms and higher maternal sensitivity.   
  These results contribute to the literature regarding inconsistent associations 
between child temperament and child weight status at different points in time during 
early childhood. Consistent with prior studies, our findings show an association between 
infant temperament and more proximal assessments of early childhood weight status,17–20 
but a lack of association at kindergarten entry.21,34  This difference in our sample was not 
caused by attrition of children at higher risk of obesity. Rates of obesity at preschool age 
were relatively similar for children who remained in the study compared to those who did 
not complete the kindergarten assessment (17.3% versus 15.8% respectively, p = 0.26). 
  The reason for the difference in association at between younger and older children 
is unclear. We hypothesize that, in infancy and toddler years, parents are responsible for 
more of the feeding practices and overall regulatory development of their children; 
therefore, effects of their influences on child growth are more demonstrable at preschool 
age, when the largest effects were noted in our study. By kindergarten entry children start 
to have increasingly stronger self-determination of feeding behaviors, influenced by food 
preferences, peer and media exposure, so the effects of early regulatory abilities may 
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dissipate by this age.  Additionally, changes to their environment including an increase in 
exposure to palatable foods, screen time and sedentary activities may overwhelm the 
effect of self-regulatory capacity.  Interventions targeting parental responsiveness and 
improvement of child self-regulation therefore may be more effective prior to entry to 
kindergarten as an obesity prevention strategy.  
  The mechanism underlying the association between infant temperament and 
obesity is also not well understood. Possible biologic explanations suggest that children 
with poor self-regulation experience greater cortisol reactivity and therefore may be more 
likely to seek food, specifically sucrose, as a calming substance to inhibit activity of 
stress response hormones.35–37 Infants with poor self-regulation may also have weaker 
satiety cues. Self-regulation capacity and obesity may also share a common genetic or 
neurobiologic locus, similar to the genetic association between attention deficit 
hyperactivity disorder and obesity.38 
  Alternatively, parents may simply use food to soothe infants with less optimal 
self-regulation. Our stratification analysis did not show large difference in the association 
based on maternal factors, however, the results were consistently stronger among mothers 
with fewer depressive symptoms and higher maternal sensitivity. Our findings also 
suggest that the association between infant self-regulation and obesity is strongest for the 
infants that demands attention and company constantly. Prior reports have also linked a 
demanding infant temperament with greater adiposity. Specifically, during times of 
famine in developing countries, infants with more demanding temperaments have greater 
survival rates, presumably because they more persistently demand to be fed.39 In the 
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present context of relative food abundance and access to sedentary activities, however, 
parents may distract a demanding infant with activities that promote obesity such as 
eating15 or television viewing.40 Increased parental responsivity to infant demands may be 
more common among in women with fewer depressive symptoms or high maternal 
sensitivity as suggested by our stratified analysis.  
  Based on our findings, future obesity prevention interventions, may need to 
address demanding infant behaviors as distinct from general infant fussiness or 
irritability. Understanding this distinction, however, parental perceptions and responses to 
demanding infants, and the associations with later childhood obesity requires further 
study. While it may be difficult to change demanding infant temperaments, helping 
parents understand and respond to demanding infants could be an additional focus for 
future obesity prevention interventions in children under 2 years of age.  Randomized-
control trials have successfully shown the impact of interventions that change parental 
response to infant behavior on early infant weight gain.27,28 
  To our knowledge, this is one of the few studies that assessed self-regulation 
among an ethnically/racially diverse sample based on easily observable and functional 
behaviors at such an early age.24 This approach has implications for obesity prevention 
because infant functional behaviors are frequently discussed in primary care visits, 
creating opportunities for clinical management, parent training, and intervention. Other 
strengths of this study include longitudinal assessment of data, and extensive collection 
of demographic, home environment, and parental data for use as covariates in 
multivariable models.  Study protocols also allowed for direct collection of height and 
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weight measurements for the BMI outcome measure. The exclusion of premature, small 
and large for gestational age infants in this study allowed us to examine the effect of self-
regulation among children expected to have similar growth trajectories. 
  Several limitations are worthy of mention. ECLS-B used a sampling strategy that 
oversampled for racial/ethnic minorities, twins, and premature infants. We did not 
account for these weights in our analysis because our primary objective was to evaluate 
tests of association in this sample. The prevalence of obesity in our sample is higher than 
the national average, consistent with oversampling of minorities, and is therefore not 
representative of the general population. ECLS-B also used parent-reported measurement 
of infant self-regulation rather than observed assessments. Parental report takes into 
account the parent’s perception of the infant through daily interactions, however, which is 
highly relevant to feeding responses. The cutoff we used to dichotomize infant self-
regulation was not based on clinically defined scores, but was based on the distribution of 
scores in this population, making our results potentially less generalizable to other 
populations and clinical practice. Understanding the development of self-regulation over 
time and the temporal association with concurrent weight status is an important topic for 
future study. Additional data collection of long term BMI trajectories would be similarly 
beneficial for future study. 
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CONCLUSION 
 Infancy may be a critical time period to initiate obesity prevention interventions 
that target modification of self-regulation abilities and caregiver responses to difficult and 
demanding infant behaviors. Future studies are needed to determine what factors disrupt 
the association between infant temperament and later childhood obesity and to test 
whether interventions that increase caregiver capacities to promote healthy eating 
behaviors in infants with self-regulatory problems can positively influence the child’s 
weight status over the life course. 
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Table 1. Modified Infant Toddler Symptom Checklist Questions at 9 months 
 “For each description, please tell me if CHILD is never like this, used to be like 
this, is like this sometimes, or is like this most times:   
 
- Is frequently irritable or fussy  
- Goes easily from a whimper to an intense cry 
- Demands your attention and company constantly 
- Wakes up 3 or more times in the night and is unable to go back to sleep 
- Needs a lot of help to fall asleep (e.g., rocking, long walks, stroking hair, car rides, 
etc.) 
- Startles or is upset by loud sounds such as a vacuum, doorbell, or barking dog 
- Is unable to wait for food or toys without crying or whining”  
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Table 2. Participant Demographic Characteristics (N=5728) 
Child:  % or mean (SD) 
Sex male 51.2 
Race/ethnicity 
     White non-Hispanic 
     Black non-Hispanic 
     Hispanic 
     Other 
 
47.6 
14.0 
20.4 
18.0 
Gestational age  (weeks) 39.2 (1.5) 
Birth weight (grams) 3331.9 (383.2) 
Maternal:  
Age (years) 
    Age < 21 years 
28.5 (6.4) 
10.9 
Pre-pregnancy weight (pounds) 142.8 (35.6) 
Education 
     Did not finish High School (HS) 
     HS diploma or greater 
 
18.1 
81.9 
Marital status 
     Married 
     Never married 
     Other 
 
69.0 
25.4 
5.7 
Employment 
     Employed 
     Unemployed 
 
51.7 
48.3 
Depressive symptoms at 9 months  
(score ≥16 on CES-D) 
45.3 
Smoked during pregnancy 9.8 
Adequate prenatal care 74.7 
Household:  
English speaking primarily 76.1 
Household income 
     ≤$15,000 
     15–30,000 
     30–50,000 
     50–100,000 
     >100,000 
 
17.5 
23.8 
21.3 
25.2 
12.2 
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Table 3. Participant Demographic Characteristics by Infant Toddler Symptom 
Checklist (ITSC) score  
Variable ITSC  ≥6  
(n=576) 
ITSC <6 
(N=5152) 
Child: % or mean (SD) 
Male 56.8 50.6 
Child Age (months) 10.3 (1.8) 10.4 (1.9) 
Race/ethnicity 
  NH White 
  NH Black 
  Hispanic 
  Other 
 
41.0 
16.5 
21.2 
21.4 
 
48.3 
13.7 
20.3 
17.7 
Gestational age (weeks) 39.2 (1.5) 39.2 (1.4) 
Birthweight (grams) 3325.7 (366.7) 3332.6 (385.0) 
 Maternal:   
Age (years) 28.0 (6.5) 28.6 (6.3) 
Age <21 years 14.8 10.5 
Pre-pregnancy weight (pounds) 141.6 (37.9) 143.0 (35.4) 
Education 
  Did not finish High School (HS) 
  HS diploma or greater 
 
15.7 
85.3 
 
17.2 
82.7 
Marital Status 
  Married 
  Never married 
  Other 
 
64.9 
28.5 
6.6 
 
69.4 
25.0 
5.6 
Maternal employment 
  Employed  
  Unemployed  
 
48.7 
51.3 
 
52.0 
48.0 
Depressive symptoms at 9 months  
  Score <16 CES-D 
  Score ≥16 CES-D 
 
40.9 
59.1 
 
56.2 
43.8 
Smoking in pregnancy 
  Non-smoker  
  Smoker  
 
85.2 
14.8 
 
88.6 
11.4 
Prenatal care 
   Adequate  
   Inadequate  
 
67.4 
28.6 
 
72.7 
23.4 
Household:   
Language 
  English 
  Non-English  
 
72.1 
27.9 
 
76.5 
23.5 
Household income 
     ≤$15,000 
     15–30,000 
     30–50,000 
     50–100,000 
     >100,000 
 
22.4 
26.6 
21.0 
20.0 
10.1 
 
16.9 
23.5 
21.3 
25.8 
12.4 
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Table 4. Participant Demographic Characteristics by Obese Status at Preschool Age 
Variable Obese 
(n=782) 
Not Obese 
(N=3821) 
Child: % or mean (SD) 
Male 58.2 49.3 
Child Age (months) 10.4 (1.9) 10.4 (1.8) 
Race/ethnicity 
  NH White 
  NH Black 
  Hispanic 
  Other 
 
43.6 
16.8 
25.1 
14.5 
 
51.7 
12.5 
18.6 
17.1 
Gestational age (weeks) 39.3 (1.5) 39.2 (1.5) 
Birthweight (grams) 3411.7 (373.0) 3318.4 (387.2) 
 Maternal:   
Age (years) 28.4 (6.4) 28.9 (6.3) 
Age <21 years 10.2 10.0 
Pre-pregnancy weight (pounds) 153.4 (38.3) 141.9 (35.6) 
Education  
   Did not finish High School (HS) 
   HS diploma or greater 
 
19.3 
80.7 
 
15.7 
84.3 
Marital Status 
  Married 
  Never married 
  Other 
 
63.1 
29.9 
6.7 
 
72.4 
22.4 
5.3 
Employment 
  Employed 
  Unemployed 
 
55.3 
44.7 
 
52.8 
47.3 
Depressive symptoms at 9 months  
  Score <16 CES-D 
  Score ≥16 CES-D 
 
53.9 
46.1 
 
55.0 
45.0 
Smoking in pregnancy 
  Non-smoker  
  Smoker 
 
84.9 
 15.1 
 
89.3 
10.7 
Prenatal care 
   Adequate  
   Inadequate 
 
75.1 
24.9 
 
75.3 
24.7 
Household:   
Language 
  English 
  Non-English 
 
74.9 
25.1 
 
77.4 
22.6 
Household income 
    ≤$15,000 
     15–30,000 
     30–50,000 
     50–100,000 
     >100,000 
 
18.5 
30.6 
19.6 
20.2 
10.7 
 
15.8 
21.3 
21.6 
27.7 
13.6 
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Table 5:  Unadjusted and adjusted associations between 9 month ITSC and BMI 
(continuous and categorical outcome) at preschool and kindergarten age  
 
 
ITSC score 
≥6 versus <6 
 
Percent 
Obese 
 
 
BMI z-score 
 Beta (95% CI) 
OR (95% CI) 
Overweight  
(>85th % for 
age/sex) 
OR (95% CI) 
Obese  
(>95th % for age/sex) 
 
Preschool  
    Unadjusted 
     Adjusted     
 
 
21.2 vs. 
16.5* 
 
 
0.16 (0.04, 0.28) 
0.13 (0.01, 0.25) 
 
 
1.15 (0.94, 1.41) 
1.10 (0.89, 1.36) 
 
 
1.36 (1.06, 1.73) 
1.32 (1.03, 1.70) 
 
Kindergar ten  
    Unadjusted 
     Adjusted 
 
18.5 vs. 
16.7 
 
0.05 (-0.07, 0.18) 
0.03 (-0.09, 0.16) 
 
1.14 (0.91, 1.44) 
1.11 (0.87, 1.41) 
 
1.14 (0.85, 1.51) 
1.07 (0.79, 1.45) 
Adjusted model includes: 
child race, birth weight, maternal age, maternal education, pre-pregnancy weight, income 
* p value <0.05 
 
Table 6:  Sensitivity Analysis: unadjusted association between 9 month ITSC and BMI 
at preschool and kindergarten age  
 
 BMI z-score  
 Beta (95% CI) 
OR (95% CI) 
Overweight  
(>85th % for age/sex) 
OR (95% CI) 
Obese  
(>95th % for age/sex) 
Preschool  
     ITSC ≥5 
     ITSC ≥7 
     
 
0.16 (0.04, 0.28) 
0.23 (0.07, 0.40) 
 
1.14 (0.93, 1.40) 
1.31 (1.0, 1.73) 
 
 
1.33 (1.04, 1.70) 
1.35 (0.97, 1.88) 
Kindergar ten  
    ITSC≥5 
    ITSC ≥7 
 
0.05 (-0.08, 0.18) 
0.08 (-0.10, 0.25) 
 
1.14 (0.91, 1.43) 
1.14 (0.83, 1.57) 
 
1.14 (0.85, 1.50) 
1.29 (0.89, 1.88) 
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Table 7:  Stratification Analysis by Depression (score ≥16 on CES-D) and maternal 
sensitivity (Two Bags task at 2 years median split):  
Multiple regression models for adjusted association between 9 month ITSC and BMI at 
preschool and kindergarten age 
 
 BMI z-score 
 Beta (95% CI) 
aOR (95% CI) 
Overweight  
(>85th % for age/sex) 
aOR (95% CI) 
Obese  
(>95th % for age/sex) 
 
Preschool  
     Low depression score 
     High depression score 
 
    High sensitivity score 
    Low sensitivity score 
     
 
 
0.11 (-0.08, 0.31) 
0.07 (-0.10, 0.24) 
 
0.15 (-0.02, 0.32) 
0.10 (-0.12, 0.32) 
 
 
1.40 (0.99, 1.96) 
0.87 (0.65, 1.17) 
 
1.22 (0.90, 1.66) 
0.95 (0.66, 1.39) 
 
 
1.56 (1.03, 2.35) 
1.15 (0.81, 1.63) 
 
1.54 (1.07, 2.22) 
1.27 (0.82, 1.96) 
 
Kindergar ten  
     Low depression score 
     High depression score 
 
    High sensitivity score 
    Low sensitivity score 
 
 
0.11 (-0.18, 0.25) 
-0.04 (-0.21, 0.13) 
 
0.04 (-0.14, 0.22) 
-0.02 (-0.23, 0.20) 
 
1.14 (0.78, 1.68) 
1.00 (0.72, 1.39) 
 
1.19 (0.84, 1.69) 
0.99 (0.65, 1.49) 
 
1.16 (0.72, 1.87) 
0.97 (0.64, 1.47) 
 
1.09 (0.69, 1.71) 
0.95 (0.56, 1.59) 
Adjusted model includes:  
child race, birth weight, maternal age, maternal education, pre-pregnancy weight, income 
 
Table 8:  Risk Ratios (RR) unadjusted and adjusted associations between 9 month ITSC 
and BMI at preschool and kindergarten age  
 
Top ITSC ≥6 vs <6 RR (95% CI) 
Overweight  
(>85th % for age/sex) 
RR (95% CI) 
Obese  
(>95th % for age/sex) 
 
Preschool  
    Unadjusted 
     Adjusted     
 
 
1.10 (0.96, 1.24) 
1.04 (0.92, 1.17) 
 
 
1.28 (1.06, 1.55) 
1.21 (1.00, 1.45) 
 
Kindergar ten  
     Unadjusted 
     Adjusted 
 
 
1.09 (0.95, 1.26) 
1.00 (0.88, 1.13) 
 
1.11 (0.88, 1.40) 
----* 
Adjusted model includes: child race, birth weight, maternal age, maternal education, pre-
pregnancy weight, income 
* Unable to calculate aRR. Model did not converge.
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